Neurobiological and behavioral findings suggest that psychosis is associated with corticolimbic hyperactivity during the processing of emotional salience. This has not been widely studied in the early stages of psychosis the impact of these abnormalities on psychotic symptoms and global functioning is unknown. We sought to address this issue in 18 patients with first-episode psychosis (FEP), 18 individuals at ultra-high risk of psychosis (UHR), and 22 healthy controls. Corticolimbic response and subjective ratings to emotional and neutral scenes were measured using functional MRI. The clinical and functional impact of corticolimbic abnormalities was assessed with regression analyses. The FEP and UHR groups reported increased subjective emotional arousal to neutral scenes compared with healthy controls. Across groups, emotional versus neutral scenes elicited activation in the dorsomedial prefrontal cortex, inferior frontal gyrus/anterior insula, and amygdala. Although FEP and UHR participants showed reduced activation in these regions when viewing emotional scenes compared with controls, this was driven by increased activation to neutral scenes. Corticolimbic hyperactivity to neutral scenes predicted higher levels of positive symptoms and poorer levels of functioning. These results indicate that disruption of emotional brain systems may represent an important biological substrate for the pathophysiology of early psychosis and UHR states.
INTRODUCTION
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been documented in groups at high risk for psychosis (Habel et al., 2004; Seiferth et al., 2008; Modinos et al., 2010; Li et al., 2012; Modinos et al., 2012) and patients with a firstepisode of psychosis (Bergé et al., 2014) , although responses to neutral stimuli have not been explicitly examined in these groups. Furthermore, the impact of these abnormalities on psychotic symptoms and global functioning in first-episode psychosis and individuals at highrisk is unknown.
In this study, we examined the neural correlates of emotional salience in people with an ultra high risk for psychosis (UHR), patients with a first-episode of psychosis (FEP), and healthy volunteers, and the association with psychotic symptoms and levels of global functioning. We tested three hypotheses. Based on previous findings in schizophrenia, we hypothesized increased subjective emotional arousal to neutral stimuli in UHR and FEP subjects compared with healthy controls (Dowd and Barch, 2010; Haralanova et al., 2012; Llerena et al., 2012) . Additionally, we predicted reduced corticolimbic response in UHR and FEP subjects to emotional stimuli, which would be driven by hyperactivation to neutral stimuli (Holt et al., 2006; Hall et al., 2008; Seiferth et al., 2008; Anticevic et al., 2012) . Finally, we hypothesized that the degree of hyperactivation in corticolimbic regions to neutral stimuli would correlate with the severity of psychotic symptoms and the level of global functioning within the patient groups. 9 6.7±.5; mean arousal ± SD= 3.1±.3) were chosen based on normative ratings, according to which 9 represents a high rating on each dimension (i.e., high arousal, positive valence), and 1 represents a low rating on each dimension (i.e., low arousal, negative valence) (Lang et al., 1997; Lang et al., 2008) . The final selection of images from the IAPS battery was based on a previous imaging study on schizophrenia reporting specific mean valence and arousal values (Ursu et al., 2011) . The IAPS pictures have been extensively used to reliably detect functional abnormalities within emotional regions in patients with schizophrenia (e.g., (Taylor et al., 2002; Paradiso et al., 2003; Takahashi et al., 2004; Taylor et al., 2005; Mendrek et al., 2007; Whalley et al., 2009; Dowd and Barch, 2010; Ursu et al., 2011) ) and in groups at heightened risk for developing psychosis (Modinos et al., 2010; Modinos et al., 2012) . 
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Two FEP patients and two controls had to be excluded because of failure to complete the fMRI task. An additional FEP patient was excluded due to excessive head movement (>3mm). Detailed examination of potential movement confounds on activation is reported in the Online Supplement.
fMRI Preprocessing fMRI data were analyzed using SPM8 software (Wellcome Department of Cognitive Neurology, London, UK). After realignment, segmentation, co-registration and stereotaxic normalization (2 x 2 x 2 mm 3 ), images were spatially smoothed using an 8-mm full-width at half-maximum (FWHM) Gaussian filter and a high-pass (128s).
Data Analysis
Sociodemographic, Clinical and Behavioral Data
Analysis of behavioral, demographic, neuropsychological and clinical data was performed in SPSS (SPSS Inc., Chicago, USA). Differences in demographic and clinical characteristics were examined using one-way analysis of variance for parametric data and an XTo investigate brain-behavior relationships, we used mean subjective ratings of arousal (to NHA, NLA, PHA, PLA, and NEU trials) as a behavioral metric of emotional processing. A repeated-measures ANOVA with arousal ratings as a within-subjects variable and group (HC, FEP or UHR) as a between-subjects variable was computed to test our first hypothesis of increased subjective arousal ratings in the patient groups. The same procedure was used for analysis of reactions times (see Online Supplement). Significant main effects are reported at P < 0.05 and trend effects at P < 0.1. Post-hoc tests are reported after Bonferroni correction.
fMRI Analysis
Statistical analyses of fMRI data were conducted using General Linear Model (GLM) implemented in SPM8 (http://www.fil.ion.ucl.ac.uk/spm). Separate regressors of interest were specified for each trial type: NHA, NLA, PHA, PLA, and NEU. Additionally, realignment parameters (x, y, z, pitch, roll, yaw) were included in all first level models as covariates of no interest to account for variance associated with head movement. All regressors were convolved with a canonical hemodynamic response function.
Two contrast images were generated for each participant. The first one examined To identify regions involved in processing Emotional and Neutral stimuli, we performed whole-brain analyses collapsing across groups. Multiple comparison correction was performed using Monte Carlo simulation (AlphaSim (Forman et al., 1995; McAvoy et al., 2001 ) included in REST software 1.6 (Song et al., 2011) ), which incorporates the estimated smoothness of the data to establish the likelihood of false positives of different cluster sizes (i.e. cluster size thresholding). At an individual voxel threshold of P < 0.001, the cluster threshold was 74 voxels for the whole brain, resulting in a corrected α < 0.05. Based on the role of the amygdala in emotional dysfunction in schizophrenia (Aleman and Kahn, 2005; Anticevic et al., 2012) , we additionally created a pre-defined anatomical mask for region of interest analysis (ROI) of the bilateral amygdala using the Automated Anatomical Labeling as implemented in the WFU_Pickatlas toolbox in SPM (results reported also at P < 0.05).
Corticolimbic areas demonstrating significant activation were subsequently tested for group differences in SPSS using a multifactorial GLM with group as between-subject factor, as done in previous fMRI studies in schizophrenia (Hall et al., 2008; Eich et al., 2014) . These areas provide unbiased estimates for examining group differences because they were identified through analyses that collapsed across groups. Significant group effects were followed up using Bonferroni post-hoc correction for multiple comparisons.
Prediction of Psychotic Symptoms and Functioning
To test our third hypothesis that corticolimbic hyperactivation to neutral scenes would predict clinical symptomatology and global functioning, parameter estimates from corticolimbic regions showing significant task effects across groups as identified above were used as independent variables in separate regression models in SPSS with the following dependent variables: (1) CAARMS positive and negative dimensions (within UHR), (2) PANSS positive and negative dimensions (within FEP), and (3) GAF scores (within UHR and FEP). Significant effects are reported at P < 0.05 and trend effects at P < 0.1. Table 1 .
RESULTS
Full demographic and clinical results are presented in
[ Table 1 about here]
Behavioral Performance
There was a significant main effect of condition (F 1,50 = 104.118, P < 0.001) and a significant group x condition interaction (F 2,50 = 5.231, P = 0.009), by which UHR and FEP groups rated NEU scenes as more emotionally arousing than HC did (UHR: P = 0.038; FEP: P = 0.019), and NHA scenes as less emotionally arousing than HC did (UHR: P = 0.049; FEP: P = 0.037). There were no differences in arousal ratings between FEP and UHR individuals ( Figure 1 ).
Reaction time results are reported in the Online Supplement and Figure S1 .
[ Figure 1 about here]
fMRI Results
Effect of Task (Emotional > Neutral)
Across groups, emotional scenes were associated with greater activation in the dmPFC, the right IFG, left IFG/aINS, bilateral occipital regions, and the cerebellum (Table 2, Figure 2 ). ROI analysis revealed significant task effects also in the amygdala, bilaterally (P < 0.05 FWE corrected). Results of within-group analysis are reported in the Online Supplement.
[ Table 2 about here]
[ Figure 2 about here]
Effect of Group for Emotional versus Neutral Scenes
There was a significant effect of group in the left IFG/aINS (F 2,50 = 11.897, P < 0.001), with lower activation in UHR subjects than in HC and FEP (P < 0.001 and P = 0.048). There was also an effect of group in the right amygdala (F 2,50 = 4.623, P = 0.014), with UHR and FEP subjects showing lower activation than HC (P = 0.027 and P = 0.055, respectively). Finally, there was an effect of group at trend level in the left amygdala (F 2,50 = 2.604, P = 0.084), but pairwise comparisons results did not survive Bonferroni correction. No effect of group was observed for the dmPFC (F 2,50 < 1, ns.) (Figure 3 ).
Effect of Group for Neutral Scenes versus Fixation
UHR and FEP subjects showed a significantly different response to neutral scenes in the left IFG/aINS (main effect of group: F 2,50 = 6.085, P = 0.004), with greater activity than HC (P = 0.004 and P = 0.071, respectively). There was also an effect of group in the right ( 
DISCUSSION
Heightened levels of emotional arousal are widely reported in established schizophrenia, especially in patients presenting with positive psychotic symptoms such as paranoid beliefs (Williams et al., 2004; Haralanova et al., 2012; Llerena et al., 2012) . This has been linked to impaired processing of emotional salience (i.e., increased emotional response to non-emotional information) and corticolimbic hyperactivation (Holt et al., 2006; Hall et al., 2008; Seiferth et al., 2008) . In this study, we found similar abnormalities in early and prodromal psychosis. Behaviorally, both UHR and FEP groups reported increased subjective emotional arousal to stimuli that were otherwise neutral. At the neural level, across all participants, emotional relative to neutral scenes activated brain regions typically involved in emotional processing, including the dmPFC, left and right IFG/aINS, and the amygdala (Kober et al., 2008) . For this contrast, in line with findings in patients with schizophrenia, we observed an effect of group by which UHR and FEP patients showed reduced activation in these regions compared with HC. Notably, further examination revealed that this was driven by an underlying hyperactivation of these regions to the neutral comparator condition. In UHR participants, hyperactivation was primarily located in prefrontal and paralimbic brain areas (IFG/aINS and dmPFC), while in FEP patients hyperactivity involved predominantly core limbic regions (right and left amygdala). We speculate that qualitatively different parts of a corticolimbic circuit involved in aberrant emotional salience may be affected according to illness stage. Neuroimaging studies have demonstrated that the dmPFC plays a key role in the cognitive generation of emotional states, is particularly involved in the appraisal/identification of emotion (Drevets and Raichle, 1998; Phan et al., 2002) and is functionally linked to core limbic areas such as the amygdala (Kober et al., 2008) . The anterior portion of the insula is involved in the evaluative, experiential, or expressive aspects of "internally generated" emotions (Reiman et al., 1997; Craig, 2002) , and is commonly activated in emotional tasks, particularly associated with negative or withdrawal-related emotions (Phan et al., 2002; Phan et al., 2004; Kober et al., 2008) . The amygdala has a more general role in the processing of emotional salience, or attributes that make stimuli emotionally meaningful (Lang et al., 1993; Davis and Whalen, 2001) . Interactions between these corticolimbic regions are thus important for the experience, assignment and cognitive generation of emotional arousal (Augustine, 1996; Craig, 2002) . In the present study, aberrant emotional salience in UHR subjects engaged areas involved in more cognitive, evaluative and regulatory aspects of emotion. After a first episode of psychosis, our results indicate that aberrant emotional salience is associated with brain regions involved in more basic detection of emotionally relevant stimuli. Overall, we argue that our results suggest that the neural correlates of abnormal salience may involve different corticolimbic areas depending on illness stage. This needs to be systematically investigated with a longitudinal study paradigm, scanning UHR individuals before and after transition to psychosis, to inform changes in corticolimbic regions and how these are linked to psychosis onset, and to remission of the UHR state.
Importantly, we observed an association between neural abnormalities during aberrant emotional salience and subjective experience, psychotic symptoms, and global functioning, demonstrating a link with clinical features of the illness. While widespread deficits in emotional processing (Phillips and Seidman, 2008; Green et al., 2012) showing efficacy in remediating social cognitive deficits in schizophrenia (Wolwer et al., can attenuate brain activation to threatening social stimuli in patients with schizophrenia (Kumari et al., 2011) . Such strategies may be beneficial to UHR subjects. UHR individuals and FEP patients may also benefit from future research into novel treatments aimed at down-regulating corticolimbic reactivity such as targeted real time fMRI neurofeedback (Linden et al., 2012; Ruiz et al., 2013; Ruiz et al., 2014) .
Our sample was relatively small and future studies with larger samples are needed to expand these findings. We report statistically significant results from regression analyses testing the impact of neural abnormalities on levels of symptoms and functioning, although caution is warranted in interpreting these findings due to the limited sample sizes (Yarkoni, 2009; Button et al., 2013) . However, our results replicate corticolimbic abnormalities that converge with previous imaging studies in schizophrenia with both similar (Taylor et al., 2005; Holt et al., 2006; Surguladze et al., 2006; Taylor et al., 2007; Hall et al., 2008) , and larger samples (Dowd and Barch, 2010) . The same applies to the correlation analysis of associations between antipsychotic drug use and activation. Ten of the 15 FEP patients were receiving antipsychotic medications. While antipsychotic administration has been reported to contribute to alterations in brain volume and neural activation in patients with schizophrenia (Abbott et al., 2013; Fusar-Poli et al., 2013b) , the reported effects on fMRI activation referred to executive and mnemonic functions (Fusar-Poli et al., 2007) and to resting-state activation (Lui et al., 2010) . Furthermore, dysfunctions in corticolimbic regions involved in emotional processing have been reported previously in antipsychotic-naïve UHR and FEP subjects (Seiferth et al., 2008; Bergé et al., 2014) and are unaffected by antipsychotic therapy (Reske et al., 2007) . In the present study, neural activity in regions showing significant group effects did not correlate with antipsychotic dose (see Online Supplement), and the group effect in these regions was also seen in the (medication naïve) UHR sample. In addition, we collected level of education and premorbid IQ from our participants, and covaried for IQ in our fMRI analysis, but we did not have access to parental education or socio-economic status. To our knowledge, there is no evidence that these factors significantly affect emotional experience, and impairments in the ability to judge emotions (or the intensity of the emotions) depicted by visual stimuli are typically selective and present despite normal general intelligence, perception and language (Coan and Allen, 2007) . Finally, it is interesting to consider the potential influence of comorbid affective disorders on imaging studies in the UHR (Fusar-Poli et al., 2014; Modinos et al., 2014) .
Although information on comorbid Axis I diagnoses was not collected as part of the study, higher severity of anxiety and depressive symptoms was found in the UHR and FEP using a dimensional measure (DASS), consistent with the notion that anxiety and depressive symptoms frequently mark the onset of the initial prodrome of psychosis (Hafner et al., 1999) . Future research with larger samples able to stratify the UHR group based on presence/absence of comorbidity should expand these findings.
In summary, we found increased emotional arousal to neutral stimuli and hyperactivity in several corticolimbic regions in UHR and FEP individuals. We also observed that these neural changes predict severity of positive symptoms and global functioning.
Emotional dysfunction is an important determinant of clinical course and functional outcome in chronic schizophrenia. Our findings expand previous reports that emotional dysfunction and associated neural correlates are perturbed from the earliest manifestations of the disorder, and contribute to abnormalities in behavior, functioning and psychotic symptomatology. Future studies are needed to establish whether corticolimbic dysfunction could be targeted as therapeutic focus of new treatments such as real-time fMRI neurofeedback (Linden et al., 2012; Ruiz et al., 2013; Ruiz et al., 2014) , cognitive-behavioral therapy (Kumari et al., 2011) , social cognitive skills training (Wolwer et al., 2005; Horan et al., 2009; Roberts and Penn, 2009) , or drugs that impact the GABAergic interneuron system to treat affective dysfunction as a complement to anti-psychotic medications (Benes, 2010 . Average Arousal ratings (3 = highly aroused, 2 = slightly aroused, 1 = not at all aroused) for each emotional condition in individuals with a first-episode of psychosis (FEP), subjects at ultra high risk of psychosis (UHR), and control subjects (HC). * Significant difference between groups at P < 0.05. Error bars represent standard error. 90x80mm (300 x 300 DPI)
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